Four new coumarins, isomurralonginol senecioate (1), isomurralonginoic acid (2), murrangatin 2'-formate (3), and meranzin hydrate 2'-palmitate (4), were isolated from the vegetative branches of Murraya exotica together with 33 known compounds. The structures of the new compounds were determined from chemical and spectroscopic data.
In a previous paper, we reported the isolation and structural elucidation of two dimeric coumarins, bismurrangatin and murramarin A, from the vegetative branches of Murraya exotica L., a plant used as a folk medicine in India, Australia and South Africa [1, 2] . In our continuing study of this plant, further examination of the acetone extract resulted in the isolation of four new coumarins: isomurralonginol senecioate (1), isomurralonginoic acid (2), murrangatin 2'-formate (3) , and meranzin 2'-palmitate (4) . In addition, 28 known coumarins were isolated: umbelliferone [3] , scopoletin [4] , meranzin hydrate [5] , murralongin [6] , microminutin [7] , phebalosin [8] , 7-methoxy-8-formylcoumarin [9] , cladimerin-B [10] , paniculatin [11] , isomurralonginol isovalerate [12] , murranganon senecioate [8] , isomeranzin [13] murranganon [8] , murrangatin palmitate [14] , meranzin [15] , chloticol [8] , minumicrolin [8] , isoscopoletin [16] , murrayatin [17] , murrangatin-1'-acetate [18] , murrangatin-2'-acetate [8] , meranzin hydrate acetate [5] , murrangatin-1'-isovalerate [19] , murrangatin-2'-isovalerate [19] , auraptenol [5] , murrangatin [20] , mexoticin [19] , and murracarpin [6] . Five known flavones were also isolated from the extract: 5,6,7,3',4',5'-hexamethoxyflavone [21] , 3,5,6,7,3',4',5'heptamethoxyflavone [22] , 3,5,7,8,3',4',5'-heptamethoxyflavone [23] , 5,6,7,8,3',4',5'-heptamethoxyflavone [24] and sinensetin [25] . We herein report the isolation and structural elucidation of the new coumarins 1, 2, 3 and 4 ( Figure 1 ) and the known compounds.
Isomurralonginol senecioate (1) was isolated as a colorless oil. The molecular formula was determined to be C 20 13 C NMR signals at δ C 63.8 (t), 40.7 (d), 142.7 (s), 111.7 (t), and 22.2 (q) indicated the presence of a 1-hydroxymethyl-2-methyl-2propene group. These spectral data were similar to those of isomurralonginol (5) , except for the signals derived from the senecioic acid portion, and suggested the structure of 1. The structure of isomurralonginol senecioate was further confirmed by HMQC and HMBC experiments. In the HMBC spectrum, key correlations were observed between the methylene proton signal at δ H 4.84 (H-5') and C-1" (δ C 166.6), C-1' (δ C 40.7) and C-2' (δ C 142.7), and between the benzylic proton signal at δ H 4.51 (H-1') and C-3' (δ C 111.7), C-5' (δ C 63.8) and C-2' (δ C 142.7). In conclusion, the structure of isomurralonginol senecioate was determined to be 1.
The stereochemistry at C-1' remained unassigned.
Isomurralonginoic acid (2) was isolated as a colorless oil, [α] D +14.2 (c 0.07, CHCl 3 ), and its HR-MS revealed a molecular ion peak at m/z 274.0819, corresponding to the molecular formula C 15 Table 1 : NMR data (CDCl 3 ) of isomurralonginol senecioate (1) and isomurralonginoic acid (2) . The signal at δ C 175.0 (s) indicated the presence of a carboxylic acid group. These results indicated the presence of a -CH(COOH)-C(CH 3 )=CH 2 group. The full structure was further confirmed from the HMQC and HMBC spectra. The key C-H correlations were observed between H-1' (δ H 5.05) and C-5' (δ C 175.0), C-4' (δ C 21.4), C-2' (δ C 140.5), and C-3' (δ C 115.7). From the above results, we assigned the structure of 2 to isomurralonginoic acid, which is the oxidized structure of the primary alcohol moiety of the known isomurralonginol (5) [27] . The stereochemistry at C-1' remained unassigned.
Values in (
Murrangatin 2'-formate (3) was isolated as a colorless oil. The HR-MS spectrum showed the molecular ion at m/z 304.0941, consistent with the molecular formula C 16 . These data were similar to those of murrangatin-2'-isovalerate (6, threo isomer), not minumicrolin-2'-isovalerate (erythro isomer), except for the presence of the lowest proton signal at δ H 8.21 (1H, s) instead of signals due to the isovaleryl side chain. This lowest proton signal, together with the carbon signal at δ C 160.8 (s), suggested the presence of a formyl group. From these results, the formyl ester group was determined to be located at C-2', allowing 3 to be assigned as murrangatin 2'-formate (threo isomer) leaving the absolute stereochemistry undetermined.
Meranzin hydrate 2'-palmitate (4) was isolated as a colorless powder. The molecular formula C 31 H 48 O 6 was obtained from the molecular ion at m/z: 516.3445 in the HR-MS. The IR (1720, 1610 cm -1 ) and UV (206, 258, 322 nm) spectra showed the presence of a 7,8-disubsutituted coumarin nucleus. The 1 H NMR spectrum showed signals typical of the 7-methoxy-8-substituted coumarin 13 C NMR spectrum suggested the presence of a palmityl ester group. To confirm the structure, 2'S-(-)-meranzin hydrate [28] , a known coumarin found in M. exotica, was reacted with palmitic acid chloride in pyridine to give 4'. Comparison of the IR, MS, and NMR spectra of 4 and 4' showed the two compounds to be identical. However, the positive optical rotation of semisynthetic 4' was not in agreement with that of the natural product (4). Thus, the absolute configuration of the chiral center in 4 was found to be R. On the basis of these spectral data, the structure of 4 was proposed to be meranzin hydrate 2'-palmitate.
All the known compounds were identified with authentic samples and/or data in the literature . 
Extraction and isolation:
The dried and powdered vegetative branches (1 kg) of M. exotica were extracted with acetone (2.6 L × 3) at room temperature for 7 days. The extract was evaporated under reduced pressure to give an acetone extract (75.4 g). The extract was chromatographed on silica gel (9 × 19 cm) with successive elution with n-hexane, toluene, CH 2 Cl 2 , CH 2 Cl 2 -acetone (9:1), CH 2 Cl 2 -acetone (8:2), acetone, and MeOH. The CH 2 Cl 2 eluate (4.02 g), CH 2 Cl 2 -acetone (9:1) eluate (9.16 g), CH 2 Cl 2 -acetone (8:2) eluate (8.03 g), acetone eluate (5.5 g) and MeOH eluate (5.3 g) were submitted to repeated PTLC [solvent: acetone-benzene (2:8), acetone-CHCl 3 (1:9), AcOEt-benzene (3:7)]. The following compounds were isolated from the CH 2 Cl 2 eluate (4.02 g): isomurralonginol senecioate (1, 6.4 mg), isomurralonginoic acid (2, 2.3 mg), murrangatin 2'-formate (3, 2.8 mg), bismurangatin (5.0 mg), as well as 16 known coumarins: umbelliferone (139.4 mg), scopoletin (9.7 mg), meranzin hydrate (145.6 mg), murralongin (117.3 mg), microminutin (11.2 mg), phebalosin (174.3 mg), 7-methoxy-8-formylcomarin (2.6 mg), cladimerin-B (12.2 mg), paniculatin (63.6 mg), isomurralonginol isovalerate (52.7 mg), murranganon senecioate (8.5 mg), isomeranzin (52.5 mg), murranganon (12.6 mg), murrangatin palmitate (17.9 mg), meranzin (3.8 mg), and chloticol (8.0 mg). From the CH 2 Cl 2 -acetone (9:1) eluate (9.16 g) and CH 2 Cl 2 -acetone (8:2) eluate (8.03 g), the following compounds were isolated: meranzin 2'-palmitate (4, 2.9 mg), minumicrolin (27.4 mg), isoscopoletin (7.8 mg), murrayatin (55.3 mg), Coumarins from Murraya exotica Natural Product Communications Vol. 10 (4) 2015 619 murrangatin-1'-acetate (8.3 mg), murrangatin-2'-acetate (2.8 mg), meranzin hydrate acetate (1.5 mg), murrangatin-1'-isovalerate (7.8 mg), murrangatin-2'-isovalerate (6, 10.6 mg), auraptenol (4.8 mg), murrangatin (116.2 mg), 5,6,7,3',4',5'-hexamethoxyflavone (3.6 mg), 3,5,6,7,3',4',5'-heptamethoxyflavone (1.8 mg), 3,5,7,8,3',4',5 '-heptamethoxy-flavone (11.2 mg), 5,6,7,8,3',4',5'heptamethoxyflavone (7.3 mg), and sinensetin (3.1 mg). Mexoticin (9.9 mg) was obtained from the acetone eluate (5.5 g), and murracarpin (3.4 mg) from the MeOH eluate (5.3 g). 
Synthesis of (-)-meranzin hydrate 2'-palmitate (4'):
To a solution of (S)-(-)-meranzin hydrate (3 mg) in pyridine (2 mL), palmitic acid chloride (1 mL) was added at room temperature. After 1 h, the solvent was evaporated under reduced pressure to afford an oily residue, which was subjected to PTLC using acetone: CHCl 3 (1:9) to afford 4' as a colorless oil, [α] D +22.4 (c 0.07, CHCl 3 ) (1.5 mg). The IR, MS and NMR spectra of 4' were identical to the natural product 4, but the optical rotations of 4 and 4' were opposite.
